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Abstract—The results of long-term studies of chernozem development in anthropogenically disturbed land­
scapes of the forest-steppe zone are discussed. Parameters characterizing the formation of the humus horizon 
of chernozems and the rate of this process are presented. Critical points and characteristic times of the formation 
of humus horizons are determined. The regeneration of soil properties as dependent on the degree of anthropo­
genic disturbance of chernozems is estimated.
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INTRODUCTION
At present, soil scientists have at their disposal con­
siderable amounts o f pedochronological data for differ­
ent soil zones and regions [1-3, 6 -8 , 10]. These data 
form a solid basis for revealing the main regularities of 
the development o f m orphological and functional prop­
erties o f soils at different stages o f their ontogenesis 
and under the im pact o f changes in  bioclimatic condi­
tions. At the same time, there is a sharp deficit in empir­
ically grounded quantitative estimates o f the rates of 
reproduction and restoration o f soil fertility character­
istics, though such estimates are necessary for the 
proper planning o f soil rehabilitation measures and for 
the monitoring o f soil resources in anthropogenically 
disturbed landscapes.
The high energy potential o f pedogenesis in  the for- 
est-steppe zone and the potentially high rates o f many 
pedogenic processes in this zone were taken into 
account in the choice o f the area for studying soil evo­
lution in  the anthropogenically disturbed landscapes. 
Field works were perform ed in  1996-2005. Their 
major result is a data bank o f pedochronological data 
with more than 300 descriptions o f particular soils 
developing on the anthropogenically disturbed surfaces 
in the forest-steppe zone. The studied objects reflect 
different stages o f the restoration o f forest-steppe soils. 
The initial analysis o f obtained inform ation was per­
formed by the authors in a special m onograph [5].
OBJECTS AND METHODS
Field studies were perform ed in  the central cher- 
nozemic region o f Russia and in the northwestern part 
o f the forest-steppe zone o f Ukraine. This vast area 
offers good possibilities to study soil formation on 
dated surfaces o f different ages: from kurgans o f the 
Bronze Age (about 4500 BP) to naturally overgrown 
surfaces o f stripping rocks, on which the initial stages
of soil formation (beginning from the zero moment) 
can be studied. The dating o f anthropogenically 
exposed substrates was perform ed with the help o f h is­
torical and archaeological methods. Information 
obtained by us in the field makes it possible to analyze 
the regularities o f soil development for chronointervals 
from n x  10 to n x  1000 years.
The m ain method of the study is a com parison of 
newly formed soils in  soil chronosequences with due 
account for the character o f parent material, phyto- 
cenoses, and surface topography. The m ajor attention 
was paid to the growth o f the humus horizon in  the 
studied soils. Its thickness at different stages o f soil 
development was estimated with the help o f nonlinear 
functions as suggested by Lisetskii [8].
RESULTS AND DISCUSSION
Soil development is a relatively slow and long-term 
process, so that its direct observation is impossible. To 
judge the character and rates o f soil development, an 
efficient method o f dated soil chronosequences devel­
oping from the same substrate is used; such chronose- 
quences may be referred to as pedolithocombinations
[3]. The soil profiles formed on dated surfaces and stud­
ied by us represent a chronosequence characterizing the 
development o f chernozem on the loesslike loam  under 
the forb-grassy vegetation (Fig. 1). Every particular 
model soil in  this chronosequence reflects a certain 
stage o f the morphological and functional development 
o f the soil profile and is representative of a number of 
analogous objects studied by us since 1996. The profile 
o f a typical chernozem on a long-term  fallow was stud­
ied by us as a full-Holocene mature soil profile.
The following soil objects compose the studied 
chronosequence.
(1) Soil developed on the ground fill over a cellar in 
the village o f Streletskoe of Belgorod district (Bel-
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Fig. 1. Chronosequence of forest-steppe chernozems; the thickness of soil horizons is given in mm; dashed line indicates the upper 
boundary of effervescence from 10% HCl.
gorod oblast). This 7-year-old fill is overgrown by 
plants with a predominance o f rootstock and bunch; the 
initial differentiation o f the soil profile into genetic 
horizons is clearly seen in  it (Fig. 1). The sod horizon 
has a fragmentary character; it is developed under 
dense tillering nodes of grasses. The hum us-accum ula­
tive horizon of a brownish gray color is clearly distin­
guished; it is thin (0-13 cm) and contains the features 
attesting to the beginning o f humus accumulation and 
the soil structuring (of coprogenic origin). Below, a 
transitional horizon o f heterogeneous color and with 
loose crum b-granular structure is formed. The material 
o f this horizon is processed by earthworms. Its lower 
boundary has a diffuse character. The features attesting 
to the illuviation o f humus and clay particles can be 
seen in the underlying transitional (BC) horizon; this 
horizon has an indistinct prismatic structure and is pen­
etrated by numerous humus “veins” along the paths of 
dead roots, which attests to the active accumulation of 
humus in  situ. The roots o f grasses penetrate to a depth 
o f 30-35 cm, and their m aximum amounts are seen in 
the upperm ost 8 cm. At this stage o f soil development,
it is difficult to distinguish continuous boundaries of 
soil horizons (except for the A1 horizon that can be 
clearly distinguished from the underlying horizon). The 
localization o f particular processes in  the soil profile is 
relatively unstable, and the migration processes have a 
transient character. The strong topological variability of 
soil formation is typical o f this initial stage o f soil 
development: the most pronounced “micropedons” are 
seen under relatively dense nodes o f grasses.
(2) Soil developed on the dam o f the dried sludge 
pond o f the Belgorod Cem ent JSC. The age o f this soil 
reaches 25 years. Fescue and meadow grass predom i­
nate in  the phytocenosis. The sod horizon (Asod) 
enriched in  plant detritus is well pronounced; the thick­
ness o f humus horizon increases by two times, and its 
structure becomes more distinct. The A1B horizon has 
a well-shaped granular-crum b structure; coprogenic 
aggregates are evenly impregnated with humus, though 
the sorption o f humic substances on the surface o f peds 
predominates. The humus horizon is less com pact in 
com parison with the underlying horizon. The strong
A
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Fig. 2. Changes in the thickness of humus horizon (H) in 
forest-steppe chernozems of different ages (t).
com paction o f the low soil horizons is explained by the 
application o f heavy tractors during the dam  construc­
tion. The illuvial BC horizon is also clearly pro­
nounced.
(3) Soil developed on the bank o f a defense ditch 
near the village o f Shopino in  Belgorod district o f Bel­
gorod oblast. This 57-year-old soil has the same hori­
zon as the previous soil, but the total thickness o f the 
soil profile has increased by almost three times. The 
rapid growth of the soil profile and an increase in  the 
thickness o f humus horizon is probably related to the 
establishing o f a stable (stationary) level o f phytomass 
production by the phytocenosis with well-developed 
herbs and grasses. The soil structure is well shaped; the 
A1 horizon has a crum b-granular structure; the A1B 
horizon, a granular-crum b structure; and the BCca 
horizon, a crum b-prism atic structure. Some redistribu­
tion o f carbonates is seen in  the soil profile: the depth 
o f effervescence is 1 cm, and the BCca horizon con­
tains calcareous pseudomycelium.
(4) Soil developed on a ram part near the village of 
B. K ul’baki in  Belgorod district o f Belgorod oblast. 
Defense ramparts were created in Belgorod oblast in 
the 17th century. The soils forming on them  represent a 
chronological stage, during which the development of 
the soil humus profile proceeds under the stationary 
state o f production-destruction processes; the structure 
and composition o f soil organic m atter in  the upper 
horizons are also stabilized. The humus-accumulative 
horizon of the studied 354-year-old soil developed 
from the loesslike loam  is intensely and evenly colored 
with hum ic substances; it has a clear boundary with the 
underlying B horizon. The line o f effervescence is 
found deeper; the lower part o f the illuvial horizon con­
tains few calcareous nodules. In general, this soil p ro­
file some features typical o f climax soils. A comparison 
between the soils developed in  several decades (soil 3) 
and in several centuries (soil 4) shows a qualitative dif­
ference between them. The average rate o f the soil pro­
file development calculated for the 57-year-old soil is 
5 .1-5 .4  mm/year; for the 354-year-old soil, it decreases 
to 1.1 mm/year.
(5) Soil on the ram part o f the ancient Donetskii set­
tlem ent in  Kharkov oblast. The age o f this soil is esti­
mated at about 1000 years. It characterizes the stage of 
a relatively slow development o f the soil profile; in  this 
case, normal soil self-development o f soil substitutes 
for the initial development of soil from the parent m ate­
rial [9]. A  specific feature o f the soil profile at this stage 
is a relatively diffuse character o f the boundaries o f soil 
horizos. A transitional A1B horizon with a somewhat 
lighter color in  com parison with the A1 horizon is 
formed, and its thickness relative to the thickness o f the 
A1 horizon decreases. In soil 4 (354 years), the ratio 
between the thicknesses o f the A1 and A1B horizons is
1.1; in  soil 5 (1000 years), it is 1.9. This may be related 
to a decrease in  the rate o f the vertical (down the soil 
profile) transform ation o f parent material by in situ 
humus-forming processes. Illuviation of humus into the 
B horizon leads to the development o f the Bh horizon 
in the upper part o f the illuvial layer. This horizon is 
distinguished by the presence o f grayish tint; ped faces 
are covered by thin humus films; humus films also 
cover the walls o f root paths. The depth o f efferves­
cence in  the 1000-year-old soil is the same as in  the 
354-year-old soil, which may be due to the action o f the 
biochemical barrier. Carbonate concentrations of 3-5 mm 
in diameter are abundant in the lower part o f the illuvial 
horizon. The ratio o f the thicknesses o f soil horizons 
(A1 : A1B : (B + BC)) is 2 : 1 : 1. Thus, at this stage of 
soil formation, the thickness o f the layer with active 
humus accumulation exceeds the thickness o f the 
proper illuvial horizon by three times. The further 
development o f this soil (see below) will be controlled 
by the relative enhancem ent o f the eluvial-illuvial dif­
ferentiation o f the soil profile.
(6) Soil on the ram part o f the ancient B el’sk settle­
ment (near the village o f B el’sk in Kotelkovskii district 
o f Poltava oblast). The age o f this soil is estim ated at 
about 2300 years. The soil profile displays the features 
typical o f mature chernozems. All the genetic horizons 
o f chernozem are clearly developed in  it, though their 
thickness remains lower than that in the full-Holocene 
chernozems. The A1 : A1B : (B + BC) ratio is 1 : 1 : 2, 
which is relatively close to the analogous ratio in  the 
full-Holocene chernozem (1 : 1 : 1.5). The further 
development o f the A1B and Bh horizon is due to the 
eluvial-illuvial differentiation o f humus accumulation 
in the soil profile. The degree o f soil leaching from car­
bonates remains low.
The development o f m orphological profiles o f for- 
est-steppe chernozems is accompanied by correspond­
ing changes in  their functional properties, including the 
properties o f soil organic matter. Table 1 contains data 
on the humus state o f soils in the studied chronose- 
quence.
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Table 1. Humus status of chemozemic soils developing in disturbed surfaces of different ages in the forest-steppe zone
Soil age, 
years Horizon
Depth,
cm
Humus C^org Clab 1 Cha Cfa C^hum in
Cha/Cfa
Type 2 
of humus2% of the soil % of the soil % of Corg % of Corg
7 A1 + A1B 0-3.5 1.55 0.90 0.06 6.67 14.86 24.15 60.99 0.62 HF
25 A1 0-4 4.11 2.38 0.10 4.20 13.31 18.09 68.60 0.74 HF
A1B 4-6.5 1.94 1.12 0.05 4.46 12.22 20.15 67.63 0.61 HF
57 A1 0-10 3.02 1.75 0.06 3.43 21.01 11.90 67.08 1.77 FH
A1B 10-18 1.87 1.08 0.05 4.63 18.34 19.55 62.11 0.94 HF
354 A1 0-11 4.79 2.77 0.11 3.97 26.06 15.42 58.52 1.69 FH
A1B 11-21 3.68 2.13 0.06 2.82 31.13 16.23 52.65 1.92 FH
«1000 A1 0-19 3.89 2.25 0.06 2.67 33.54 20.66 45.80 1.62 FH
A1B 19-29 3.22 1.86 0.06 3.23 19.71 16.69 63.61 1.18 FH
«2300 A1 0-20 5.31 3.09 0.13 4.18 21.46 11.54 67.00 1.86 FH
A1B 20-40 3.06 1.78 0.06 3.11 16.83 11.74 71.43 1.43 FH
FHA3 A1 0-41 4.12 2.38 0.06 2.52 33.72 15.13 51.15 2.23 H
A1B 41-90 2.83 1.64 0.05 3.05 37.57 12.04 50.38 3.12 H
1 Carbon of labile organic matter was determined by the method of M.A. Egorov in modification by B.A. Nikitin.
2 Types of humus: (H) humate, (FH) fulvate-humate, and (HF) humate-fulvate.
3 Full-Holocene analogue of newly formed soils.
As follows from this table, the humus content in  the 
A1 and A1B horizons o f newly formed soils 
approaches the background levels at the soil age of 
25 years. However, the qualitative com position o f soil 
organic m atter in  the young soils is different from that 
in the mature chernozems; in  particular, the content of 
labile humus is increased, the degree o f humification 
(Cha, % o f Corg) is low, and the soil humus belongs to the 
hum ate-fulvate type. Young soils are also characterized 
by the increased content o f the fraction o f nonhydrolyz- 
able residue, which indirectly attests to the incom plete 
humification o f plant detritus.
The analysis o f data on the humus pools in  the stud­
ied soils shows that they tend to increase from the 
young soil to the full-Holocene soil due to the increase 
in  the thickness o f humus horizons. At the same time, 
the content o f humus (%) in  the studied soils does not 
increase steadily. Thus, the humus content in  the A1 
horizon increases by 0.13-0.22% /year at the stage of 
young soils (7 and 25 years) that have the hum ate-fu l­
vate type o f humus. Then, by the age o f 57 years, an 
increase in  the thickness o f the A1 horizon is accompa­
nied by some lowering o f the humus content in  it. A t the 
same time, this humus becomes more hum ate (the ful- 
vate-hum ate type of humus is formed). From  our point 
o f view, these changes in  the soil humus status are 
related to the transition o f the young ecosystem to the 
stationary state of its functioning (with respect to the 
phytomass production and destruction processes). The 
stabilization of these processes at this stage o f soil 
development eliminates the lag between the downward 
growth o f humus horizons and the content and charac­
ter o f organic m atter in  them : the humus content in  the 
A1 and A1B horizons, as well as the degree o f humifi­
cation, increases. Though the soils studied by us on the 
ramparts have an autochthonous origin, their humus 
state reflects some relic features (the assimilation of 
ancient sod material within the body of the ramparts by 
the newly formed soils).
An increase in  the thickness o f the A1 horizon at the 
expense o f the A1B horizon in  about 1000 years of soil 
development is accompanied by some lowering o f the 
humus content and the Cha/C fa ratio. In the full- 
Holocene chernozem, this ratio in  the A1 horizon is 
lower than that in  the A1B horizon, which is explained 
by the long-term  (>300 years) soil cultivation accom ­
panied by some accumulation o f fulvic acids in  the 
plow horizon.
The analysis o f soil chronosequences makes it pos­
sible to distinguish separate stages o f soil development; 
the heterochronous development o f particular pedoge- 
netic processes is im portant [3]. Form our point of 
view, a significant im pact on the particular stages of 
pedogenesis is exerted by the achievement o f a rela­
tively stationary state (with an equilibrium between 
production and destruction processes) by the ecosys­
tem. An equilibrium between production and destruc­
tion processes facilitates the m etamorphism o f soil 
organic matter. A t the stage o f a rapid growth o f phyto­
mass production, the in  situ accumulation o f humic 
substances in  the soil predominates over the processes 
o f their translocation into the deeper horizons. This is 
typical o f the first decades-centuries o f soil develop­
ment. The stabilization o f phytomass production and
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destruction processes at the quasiclimax level predeter­
mines the slow growth o f the soil profile with a relative 
predominance o f eluviation processes (n x  1000 years). 
The specificity o f this stage o f soil development is the 
completion o f soil horizonation; the sequence o f soil 
horizons and their major diagnostic features corre­
spond to those in  the full-Holocene soil. In other words, 
the soil acquires a “m ature” status.
Information on soil chronosequences is of great 
importance for the development and verification of 
mathematical models describing the development of 
m ajor soil properties, including the soil humus status. 
Various models describing the formation o f soil humus 
horizons and humus accumulation processes are well 
known [8, 10, 11]. As shown in [8], the development of 
soil humus profiles in  automorphic soils during the 
Holocene generally corresponds to the development of 
growth processes in  ecosystems having an S-shaped 
(sigmoid) pattern, which can be approximated by the 
Gompertz function:
Ht = Hs-lim exp(-exp(a + 8t)), (1)
where H  is the thickness of soil humus horizon, mm; 
H S-LIM is the limiting thickness o f the humus horizon; 
a is a constant characterizing initial conditions o f the 
process; 8 is a coefficient characterizing the rate of the 
development of humus horizon; and t is the time (dura­
tion) o f soil formation in  years.
In the development of a model describing the 
growth of humus horizon in forest-steppe chernozems 
(leached, typical, and ordinary chernozems), we have 
use the whole data bank of pedochronological records 
with more than 300 soils o f different ages (Fig. 2).
The value o f H S-LIM was taken as the limiting (or 
equilibrium) thickness of soil humus horizon under 
given bioclimatic conditions.
The fast settling of plants on the exposed surface of 
fresh loesslike material is accompanied by the fast 
growth of plant productivity; the amount of plant resi­
dues entering the soil increases. The efficiency o f hum i­
fication and fixation of the products of humification in 
the profile of the young soil is high; therefore, the 
humus horizon is quickly reproduced in the zone with 
the maximum input of plant litter (including root litter) 
(0-20  cm). This specificity o f the early stage of soil 
development does not allow us to use corresponding 
data together with the data obtained at later stages of 
soil development for a single model o f the development 
o f soil humus profiles. Therefore, the data obtained dur­
ing the first decades o f soil development (0-60  years) 
were considered separately.
The analysis of earlier published data on soil form a­
tion on recently exposed surfaces [4] allows us to sup­
pose that this early stage of soil development has a 
number o f specific features. Thus, the intensity o f the 
formation of particular soil properties at this stage of 
soil development is largely controlled by interactions 
between the biota and the substrate. This is the main
t, годы
Fig. 3. Changes in the thickness of humus horizon (H) with 
time t in the course of the initial soil formation on disturbed 
surfaces.
reason for the polyvariant character of soil develop­
m ent at this stage. M any elementary pedogenetic pro­
cesses in  the young primitive soils (n x  10 years) are 
m uch more active than the same processes at later 
stages of soil development. Hence, it is hardly possible 
to describe the trend of the recent soil formation with 
the help of a model with constant parameters. It seems 
that a model reflecting a gradual increase in  the rate of 
pedogenesis (proportionally to the increase in the input 
o f plant residues in  the course of the phytocenosis 
development) should be applied in this case. Then, after 
reaching the peak o f intensities o f pedogenetic pro­
cesses, the model should describe a gradual attenuation 
of the rate of pedogenesis corresponding to the equilib­
rium  between the input and decomposition of organic 
m atter in  the zone of the maximum processing of the 
substrate by the soil biota. Thus, an S-shaped model 
seems to be appropriate. If we assume that the m ajor 
regularities of soil development are preserved during 
all the stages of soil evolution, then the Gompertz 
model can be applied.
A significant problem  is the selection o f appropriate 
empirical coefficients for the model. In particular, it is 
necessary to substantiate the limiting (maximum) 
thickness of the humus horizon that may be formed 
during the first stages of soil development (until the 
transition to a slow growth of the humus horizon in  the 
interval from n x  100 to n x  1000 years. As follows 
from our data, this thickness may be estimated at 200­
250 mm, which correspond to zone o f maximum satu­
ration of the soil with plant roots. Grassy cenoses are 
favorable for the quick reproduction o f the humus pro­
file of chernozems within the zone of active humus 
accumulation; after the rapid growth of the humus hori­
zon, the intensity of this process should decrease con­
siderably.
Figure 3 contains the curve and the equation 
describing it (the Gompertz Eq.) for the initial (recent) 
stage o f soil formation. Note that the parameters o f the
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Table 2. Average rates of the development of humus horizons in forest-steppe chernozems upon different degrees of their 
anthropogenic disturbance (numerator -  mm/year; denominator -  t/ha (at the bulk density of 1.2 t/m3))
Conditions
Degree of disturbance of the initial humus horizon (residual thickness of the disturbed 
humus horizon HA, part of the initial thickness H)
of soil formation
weak (HA = 1.0-0.8H) moderate (HA = 0.8-0.5H) strong (HA = 0.5-0.2H)
very strong 
(HA = 0.2-0H)
Favorable 0.06 0.1-1 0.14 4.78
0.72 1.32 1.68 57.36
Medium 0.05 0.09 0.12 2.31
0.60 1.08 1.44 27.72
Unfavorable 0.04
0.48
0.07
0.84
0.09
1.08
1.03
12.36
Note: Soil-forming conditions were estimated on the basis of a matrix showing the dependence of the soil-forming potential on the par­
ticular substrate and phytocenotic conditions [5].
model are changed (compare Figs. 2 and 3); changes in 
the a coefficient are insignificant, whereas the 5 coeffi­
cient is increased by 100 times. This attests to a much 
more active growth o f the humus horizon during the 
initial stage o f soil formation.
The study o f the obtained equation gives us the fol­
lowing results. The rate o f the humus horizon formation 
during the initial stage is 1.5-2.1 m m /year with a m ax­
imum in the 28-year-old soil. The stabilization o f this 
process begins at the soil age o f about 60 years. In that 
time, the transform ation o f m ajor processes responsible 
for the growth o f humus horizon takes place: a predom ­
inantly in situ humus formation in  the zone o f m axi­
mum accumulation o f humus is replaced by the elu- 
vial-illuvial assimilation o f the lower-lying parent 
material. This period of soil development is relatively 
short (in com parison with the entire full-Holocene 
range), and its length does not exceed 100-200 years. 
The model suggests that the period, for which the 
dynamics o f soil humus horizon should be described be 
the equation of “slow growth,” should be from 70 to 
170 years. Thus, the formation o f the humus horizon in 
forest-steppe chernozems during the recent soil devel­
opment can be described by the following system of 
equations:
f  H t = 2 00ex p (- e x p (0.769 -  0.028?)), ( t < 70)
{ H t = 1200exp(- e x p (0.742 -  0.000291)), ( t > 7 0 )(2)
The modeling o f this process makes it possible to 
determine critical points in the soil ontogenesis. These 
critical points correspond to the alteration o f the modes 
o f soil development. According to Eqs. (2), they are 
observed at the age o f 60-70  years (the transition from 
the stage of fast growth o f the humus horizon to the 
stage o f its slow growth) and at the age o f about 6000 
years (the transition to the final quasiclimax stage of 
soil development).
The most im portant theoretical problem  in the 
development o f the strategies o f soil rehabilitation is
the determ ination o f length o f necessary periods 
(norms) o f restoration o f soil properties. In particular, 
this is im portant for rehabilitation o f eroded soils. Such 
estimates should be differentiated with respect to the 
particular genetic soil feature to be restores and to the 
degree o f soil erosion. In an earlier study [8], it was 
argued that the stages o f soil development from “fresh” 
parent material could be analogized with the stages of 
restoration o f eroded soils (provided that the intensity 
o f m atter and energy inputs to the eroded soils will be 
no less than that in  the natural ecosystems). Taking into 
account Eqs. (2), we can calculate the potential rate of 
the development o f soil humus horizons with due 
account for the initial degree o f disturbance o f eroded 
soils (Table 2).
Calculations according to the mathematical models 
describing the intensity o f soil development under 
favorable and unfavorable edaphic conditions make it 
possible to substantiate the norms o f soil fertility repro­
duction, which is im portant for the proper organization 
o f agricultural landscapes, including erosion control 
measures. The stronger the degree o f soil disturbance 
(the farther the soil from the equilibrium status),, the 
higher the rate o f regeneration processes. This regular­
ity is illustrated by the plot showing the dependence of 
the rate of humus horizon formation in  disturbed forest- 
steppe chernozems on the degree o f maturity (residual 
thickness) o f the humus horizon (Fig. 4).
Soil reproduction (restoration) is a process that can 
be controlled and optimized to achieve its high effi­
ciency and high rates o f restoration o f soil properties, 
particularly at the early stages o f soil formation. Taking 
into account a considerable decrease in  the rate o f pedo- 
genetic processes upon the achievement o f a relative 
functional maturity by the soil, the restoration o f cher­
nozems with the residual thickness o f humus horizon 
above 0.2 H S-LIM would require considerable time 
spans; long-term  rehabilitation measures should be 
undertaken
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Fig. 4. The velocity of humus horizon formation in forest- 
steppe chernozems as dependent on the degree of maturity 
of humus horizon and the conditions of soil formation.
CONCLUSIONS
(1) Soil ontogenesis is a nonlinear process charac­
terized by a com plicated sequence o f nonequilibrium 
dynamic transitions toward the quasiclimax state. 
Ontogenesis o f soil as a bio-abiotic body can be 
described by the models o f growth typical o f the bio­
logical and ecological systems. Thus, the development 
o f the m ajor characteristic feature o f chernozemic 
soils— the thickness o f their humus horizon— proceeds 
through several stages controlled by different m echa­
nisms: a predominance o f the in situ accumulation of 
humus during the initial stage o f quick growth is 
replaced by a predominance o f slow eluvial-illuvial 
process affecting the redistribution o f soil humus.
(2) A  model describing the main trends in  the devel­
opment o f humus horizons of chernozems has been 
suggested. On its basis, characteristic rates o f this pro­
cess under different soil-forming conditions have been 
calculated. The m odern rate o f the growth o f humus 
horizons in  the full-Holocene mature chernozems of 
the forest-steppe zone is about 0.04 mm/year; this rate 
cannot compensate for the loss of humus in  the culti­
vated chernozems. However, during the initial stages of 
soil development (up to several decades), the rates of 
growth o f the humus horizon are two orders o f m agni­
tude higher than those in  m ature soils. This attests to 
the high capacity o f natural geosystems to restore the 
necessary regime o f functioning o f soil as their most 
important component.
(3) Soil formation on the recently exposed parent 
material is one o f the most im portant regeneration pro­
cesses in  natural geosystems. In contrast to the 
Holocene pedogenesis, the recent soil development is 
characterized by the absence o f the initial stage o f slow 
development and by the accelerated character o f soil 
processes at the initial stage. After several decades, the 
rates o f soil processes sharply decrease. Critical points 
corresponding to changes in the mechanisms and rates 
o f pedogenesis have been established on the basis o f the 
analysis o f the models o f growth o f soil humus horizon 
in chernozems. These points (intervals) are observed at
the soil age o f 60-70  years (the transition from the in i­
tial stage o f rapid growth the stage o f slow growth) and 
about 6000 years (the transition to the quasiclimax 
stage o f soil development under given environmental 
conditions).
(4) Empirical substantiation o f the rates o f soil 
reproduction (restoration) is im portant from the view . 
point o f the rational m anagement o f soil resources. On 
the basis o f adequate estimates o f the rates o f soil for. 
mation in  chernozemic soils subjected to different 
degrees o f erosion, the norms o f their rehabilitation can 
be established. It is im portant that the rates o f soil res­
toration increase with an increase in  the degree o f soil 
disturbance (e.g., in the course o f erosion). However, in 
calculation of allowable erosional losses, the major 
attention should be paid to the soil potential to com pen. 
sate for these losses without a significant deterioration 
o f the soil functioning rather than to rate o f the natural 
reproduction o f soil fertility.
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